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Green-oolored, infrafad eneigy and uhiBvioIct lacfialion absortring ^jm oompoi^dans comprise oonventkmal soda-UnK-si* 
Uca float glass ingredients a lugh ooncsentration of modaretely ivdnoed iron, and oodte oxide. The rcsnlttnt glass cgcbibitB an Dhi- 
muiant A visible ligbt transmittance greater than 70 96^ a toCal solar anecgy trammittBDoo less than about 49 %^ and an uhraviolet 
radiation transmhtanoe lesa than abonit 38 96, at gUss thicknesses in the range of 3 mm to 5 mm. Optionally^ a portion of the eexfe 
oxide can be replaced with a predeCenmned qnantiiy of titaoitim oxide* Fnrtiier the glass may be used in an automobile £]azing 
unit oompdshig two dteets of the glass integrally adhmd togefhcr thnyogh an interposed hqinr of transpamt reriiious material 
sueh as polyvinyl biztyiyL 
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criotion 

INFRARfiD AND ULTRAVIOLET RADIATION 
ABSORBING GREEN GLASS COUFOSITION 

5 

Field of t:]i^ Invantin^^ 

The present invention relates generally to infrared and 
ultraviolet radiation absorbing green glass compositions, and 
more specifically to green glass oomposlttons having a 

10 particular combination of energy absorption and light 

trAnomittance properties. The preferred glass has a narrowly 
defined dominant wavelength and color purity. The present 
invention is particularly useful for producing automotive and 
architectural glazings, wherein high visible light 

15 transmittanoes and low total solar energy and ultraviolet 
radiation transmi ttances ere desired* 

.efcaround of the Tnvent;f,p|^ 

It is generally known to manufacture infrared radiation 
absorbing soda-line-sHica glass by the incorporation therein 
of iron. The iron is generally present in the glass as both 
ferrous oxide (FeO) and ferric oxide CFeaO^). The balance 
between ferrous and ferric oxide has a direct and material 
effect on the color and cransnlttance properties of the 
25 glass. As the ferrous oxide content is increased (as a 
result of chemically reducing ferric oxide), the infrared 
absorption increases and the ultraviolet absorption 
decreases. The shift coward a higher conoentrar ion of PeO in 
relation to the FB2O3 also causes a change in the coloi of 
the glass frow a yellow or yellow-green to a darker green or 
blue-green, which reduces the visible transmlttanee of the 
glass. Therefore, in order to obtain greater infrared 
absorption in glass without sacrificing visual transmlttanee, 
it has been deemed necessary in the prior art to produce 
glass with a low total iron content which is highly reduced 
from Fe203 to FeO, A low total Iron content glass is 
genarally regarded as one produced frf .» a baCch composition 



30 



35 



PAGE 23/91 * RCVD AT 9/1)2006 3:55:39 PM [Eastern DayVght Time] ' SVR:USPT0-EFXRF-5/11 * DNIS:2738300 * CSD:612-455^01 ' DURATION iinin-ss):15-26 



09/01/2006 14:41 612-455-3801 



HSML, P.C 



PAGE 24/91 



WO 91/07356 PCr/US90/06587 

2 

having less than about ,70 to »75% by weight iron calculated 
aa Fe203p As an example, U.S. 2atent No, 3y652»303 discloses 
an infrared absorbing blue soda- lime-slllca glas^ 
composition, having a visible lighc cransmlttance greater 
5 than 70% at one quarter inch thickness, vherein at least 80% 
of the total iron In the glass is maintained in the ferrous 
state by the inclusion of a reducing quantity of tin metal or 
stannous chloride in the melt. 

Uany glass compositions additionally contain cerium £or 

10 the purpose of providing ultraviolet absorption. For 

example » U.S. Patent Ho« 1»41&»715 discloses the addition of 
3% to 6% by weight of eerie oxide to prepare a non- iron- 
containing glass composition having a flesh tint. The patent 
additionally teaches that eerie oxide reduces the visible 

15 light transmitcance of the glass. 

U»S. Patent No « 1^637.439 discloses the use of 3% to 10% 
by weight of eerie oxide as an ultraviolet absorber in dark 
blue glass compositions. The glass . which is useful for 
example for observing the operation of an open«hearth 

20 furnace, is made dark blue by the addition of 0.1% to 0.5% by 

weight of oobalt oxide. The high concentration of eerie 

• 

oxide absorbs virtually all of tha ultraviolet radiation 
which would otherwise pass through the eye protecting glass. 
Clearly, suoh a glass composition has a low visible light 

25 cransmlttance, and would not be useful for automotive or 
architectural glazings. 

U.S. Patent Ho. 1,936»231 discloses a colorless glass^ 
vhereln ferric oxide is added as an ultraviolet cut-off agent 
in quantities so small that the resultant ^lass retains its 

30 high visible light transmittance« The suggested total iron 

content is approximately 0.35% by weight. The patent further * 
discloses that cerium compounds may be added, as ultraviolet 
radiation cut-off agents, to low total iron containing glass 
compositions. Thus, the resultant glass * compositions retain 

35 their colorless appearance and high visible, light 
transmlttance properties. 
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U,S« Parent Ko • 2,524,719 discloses a rose colorad glass 
composition, wherein Iron is addad to the glass batch as an 
Infrared energy absorber i and selenium is added as an 
ultraviolet radiation a.bsorber. It is suggested that eerie 
5 oxide may be included ^ at an amount in exca$$ of 3% by 
weight, to assist the selenium in the absorption of 
ultraviolet radiation. 

U.S. Patent No. 2,860,059 discloses an ultraviolet 
absorbing glass composition^ having a low total iron 
10 concentration^ which is described as superior in visible 
light transmittance to the greenish -blue glasses generally 
used in automotive and architectural glazings. The maximum 
iron content is 0.6% by weight » in order for the glass to 
maintain its colorless appearance and high visible light 
15 transmittance. Titanium dioxide, and up to 0.5% by weight 
eerie oxide ^ are added to the glass for the purpose of 
providing ultraviolet radiation absorption. 

U.8« Patent No. 2, 444*976 discloses a golden color glass 
particularly adapted for glazing aircraft having an 
20 exceptionally low transmittance in the ultraviolet and a high 
transmittance in the visible. The glass contains iron oxide 
as a heat absorbing component together with large amounts of 
both cerium oxide (1.5% to 3%) and titanium oxide (6% to 9%). 
Finally, U.S. Patent Ho. 4.792,536 discloses a process 
25 for producing an infrared energy absorbing glass, containing 
a low total iron concentration which is highly reduced to 
FeO. It is further disclosed that the infrared energy 
absorption can be Increased by including greater amounts of 
total iron in the glass composition, but states that the 
30 visible light transmittance would thereby be reduced below 
levels considered adequate for automotive glarings. The 
disclosed process utilizes a two stage melting and refining 
operation, which provides highly reducing Conditions so as to 
increase the amount of iron in the ferrous state for a given 
35 low total iron concentration of from 0.45% to 0.65% by 

weight:. The pat:ent teaches that the iron must be at least 
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35% redncea to FeO* Ho9t preferably* greater than 50% of the 
total Iron content mufit be reduced to the ferrous state. It 
is further disclosed that 0.25% to 0.5% by weight of eerie 
oxide may be added to lov total concentration, highly reduced 
5 iron containing glass compositions, for the purpose of 

absorbing ultraviolet radiation^ It is disclosed that higher 
concentrations of oeric oxide are to be avoided, as they 
would compromise the overall transmittance properties of the 
glass. As an example of the glass which may be produced by 
10 the process taught In 17. S. Patent No. 4,792,536, Composition 
No. 11 discloses a low total iron containing glass, which is 
30% reduced to FeO, and contains 1% eerie oxide. At a 
thickness of 4 mm, the total solar energy transmlttanee ±s 
about 52%, and the ultraviolet radiation transmlttanee is 
15 about 37%. The relatively high total solar energy 
transmlttanee value results from the low total iron 
concentration, while the relatively high ultraviolet 
radiation transmlttanee value is caused by the low 
concentration of Fe203, a large portion of which has been 
20 reduced to FeO. 

It would be desirable to produce a green^colored glass, 
utilizing conventional float glass technology^ for use in 
automotive and architectural glazings, having a high 
Illuminant A visible light transmlttanee of at least 70% ^ a 
25 low total solar energy transmlc^ance of leas than about 46%, 
and a low ultraviolet radiation transmlttanee of less than 
about 36% t at nominal glass thicknesses in the range of 3 
to 5 mm ^. A green glass composition having these 
outstanding transmittanoe properties can not be produced 
30 utilising the low total eonoentration, highly reduced iron 



35 



It should be understood that by this recitation of 
glass thickness is meant total glass thickness^ and 
the glazing unit comprising same may be composed of 
single glass sheet or two or more glass sheets, che 
total thickness of which la in the Indicated range. 
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cont&lning gla$« cQiapositions enploylxig. cerlc oxldd as 
dificlosad in thfi prior art. tCoraovar. che use of a high 
^Dt&X iron containing glass for this purpose la contrary to 
tha t«aching« of the prior art. 

It must be noted that tha prior art referred to 
hereinabove hais been collected and examined only In light of 
the present invention as a guide. It is not to be inferred 
that sueh diverse art would otherwise be assembled absent the 
motivation provided by the present invention. 



Nummary of the TnvatitlriTi 

In accordance with the present invention, a green glass 
composition, having an Illuminant A visible light 
transfltittanca value of at least 70%, a total solar energy 
15 transmittanee less than about 46%, and an ultraviolet 

radiation transmittance less than about 38% and preferably 
not greater than approximately 34%, at nominal glass 
thicknesses of 3 to S mm, has surprisingly been discovered.* 
The composition comprises a aoda^lime-silica glass including 
20 as essential ingredients from about 0.51 to about 0.96 weight 
percent Fe203, from about 0.15 to about 0.33 weight percent 
FeO, and from about 0.2 to about 1.4 weight percent Ge02* 
Alternatively, the amount of CeO^ mey be reduced by the 
inclusion of from about 0.02 to about 0.85 weight percent 
25 T102- ■ Percentages of TIO2 helow about .02 weight percent are 
normally present as trace amounts in soda- lime -silica 
glasses. These glasses have an Illuminant C dominant 
wavelength from about 498 to about 325 nanometers, preferably 
from 498 to 519 nanometers, and a color purity from about 2% 
to about 4% preferably from about 2% to about 3%. They are 



* Radiation transmittance results are based upon the 
following wavelength ranges: 
33 Ultraviolet 300-400 nanometers 

Visible 400*770 Aanometers 

Total Solar , 300-2130 nanometers 
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produced from batch compasltions having a cocal Iron 
concentxatlon, expressed as Fe203, above about; 0.7%, * 

The gl&se compositions of the present Invention are 
particularly sulced for che production o£ infrared energy and 
5 ultraviolet radiation absorbing green glass, for autonotive 
and architectural glarings. Thus, glass sheets of this 
composition may be heat strengthened or tempered; or 
alternately annealed and laminated together through an 
interposed transparent resinous layer ^ for example composed 

10 of polyvinyl butyral^ and employed , for example, as a 

windshield. Generally* the glass sheets for vlndshleld use 
are of a thickness In the range of from about 1*7 mm to about 
2,5 mm, while those tempered and used as sidelights or 
backlights are in the range o£ about 3 mm to about 5 mm 

15 thicks 

Unless othervise noted, the term percent (%) as used 
herein and In the appended clalnsi means percent (%} by 

m 

weight* Wavelength dispersive X-ray fluorescence waa used to 
determine the weight percents of Ce02« T102» and total iron 
20 expressed as Fe2^3' Percent reduction of total iron was 



* It Is common in the glass industry to refer to the 

25 total Iron contained in a glass composition or batch 

as "total Iron expressed as Fe203*. When a glass 
batch Is melted^ however, some of this amount of 
total iron is reduced to PeO, while the rest remains 
Fe203. For this reason, it shall be understood that 

30 by *'F^2^2" • used herein and In the appended 

claims, is meant weight percent ferric oxide in the 
glass composition after reduction. By ''total iron 
expressed as Fe203'' Is meant the total weight of iron 
contained in the glass batch before reduction^ 

35 Further, when reduced to FeO, Fe203 will produce not 

only FeO, but oxygen gas* This loss of oxygen will 
decrease the combined weight of the two iron 
compounds. Therefore, the combined weight of FeO and 
Te2^3 contained in a resulting glass composition will 

40 be less th an the batch weight of the total Iron 

expressed as Fe203. 
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determined by first measuring the radiant transmission of a. 
sample at a wavelength of 1060 nanometers » using a 
spectrophotometer. The 1060 nm transnlssion value was then 
used to calculate optical density^ using the following 
5 formula: 

Optical density - Logio ^ transmission at 1060 nm) . 

X 

The optical density was than used to calculate the percent 
10 reduction: 

(llOWfoptlg^X denfiii^yj 



13 



20 



30 



35 



percent reduction - (Class thickness in mm)x(wt% total Fe203) 



:imeT\^ 



For use as an automotive windshield, infrared energy and 
ultraviolet radiation absorbing glass must meet federal 
specifications which require' an llluminant A visible light 
transmi trance greater than 70%, The thinner glasses used in 
modern automobiles have made it easier to achieve the 70% 
llluminant A standard, but have also resulted in increased 
Infrared energy and ultraviolet radiation transmittances « 
Consequently, automobile manufacturers have been forced to 
compensate for greater heat loads by appropriately sizing air 
conditioning equipment, and are compelled to include more 
25 ultraviolet radiation stabilisers in fabrics and interior 
plastic components in order to prevent their degradation. 

The green glass compositions of the present Invention » 
when fabricated to a total glass thickness of about 3 mm to 
5 mm, can exhibit an llluminant A visible light transmlttance 
value of at least 70%, and provide combined infrared energy 
and ultraviolet radiation transmlttance values substantially 
lower than the compositions disolosed in the prior art. The 
total solar energy transmlttance of the compositions of the 
present invention, at selected glass thicknesses in the range 
of 3 mm tp 5 mm, is less than about 46%, Preferably, the 
total solar energy transmlttance in these thicknesses is less 
than about 45%. Total solar energy transmlttance is a 
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maadure of the solar energy tr&nsmittance over all solar 
energy wavelengths. Ic is an Integrated term eovaring the 
area under the transmittanoe versus wavelength curve for 
visible, infrared and ultraviolet energy wavelengths. 
5 The ultraviolet radiation transmittance of the 

compositions of the present Invention is less than about 3S«» 
at selected glass thicknesses in the range of 3 mm to 5 mm» 
and generally net more than about 34%. The ultraviolet 
radiation transmittance value is an integrated term 
10 representing the area under the transmittatiee versus 
wavelength ei&rve for wavelengths between 300 and 400 
nanometers. The ultraviolet: radiation transmittance values 
for glass compositions of the present inventions were 
calculated by integrating the Perry Hoon air mass 2 solar 
15 spectral energy distributioniM^ between 300 and 400 nm, and 

ratioing the attenuated energy transmitted by the sample over 
that same spectral region* 

Suitable batch materials according to the present 
invention, which are compounded by convav&tiional glass batch 
20 ingredient mixing devices, include sand, limestene. dolomite « 
soda ash. salt cake or gypsum, rouge, carbon, and a cerium 
compound such as eerie oxide or cerium carbonate, and 
optionally a titat^lum compound such as titanium dioxide. 
These materials are conveniently melted togafher in a 
25 conventional glass making furnace, to form a green*^ colored 
infrared energy and ultraviolet radiation absorbing glass 
composition, which thereafter may be continuously cast onto 
the molten metal bath in a floar glass process. The flat 
glass thus produced may be formed Into architectural 
30 glaslngs, or out and formed, such as for example by press 
bending^ Into automotive glarings. 



- f 
* From "Proposed Standard Solar-Radiation Curves for 
35 Engineering Use", Perry Moon, M.I.T., Journal of the 

Franklin Institute. No. 230, pp. 383-617 (1940). 
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The composition of Che resTiltant soda-Iiiiie^flillaA ^lass 
comprises : 

A) from about 65 to about 73 weight percent Si02i 

B) from about 10 to about 15 weight percent 
5 C) from 0 to about 4 weight paroent K2O; 

D) from about 1 to about 5 weight parcant MgO; 

E) from about 5 to about 15 weight percent GaO; 

F) from 0 to about 3 weight percent AI2O3; 

G) from about 0*51 to about 0.96 weight percent Fe203; 
10 H> from about 0.15 to about 0.33 weight percent 7e0; and 

I) from about 0.2 to about 1*4 weight percent 00021 

Preferably, the resultant glass compodltlon consists 
essentially of: 
15 A) from about 70 to about 73 weight percent 8102» 

B) from about 12 to about 14 weight percent Ma20; 

0) from 0 to about 1 weight percent K2O; 

m 

D) from about 3 to about 4 weight percent MgO; 

E) from about 6 to about 10 weight percent CaO; 
20 F> from 0 to about 2 weight percent AI2O3; 

G) from about 0»51 to about 0.96 weight percent Fe203; 

H) from about 0«15 to about 0.33 weight percent FaO; and 
1} from about 0.2 to about 1.4 weight percent Ca02. 

25 Alternatively, the quantity of carlo oxide In the glass 

may be reduced by the Inclusion therein of titanium dioxide^ 
In order to maintain the desired' ranges of transmlttance « 
dominant wavelength* and color purity described hereinabove « 
when substituting titanium dioxide for carle oxide in the 

30 glass » the weight percent of total iron expressed as Fe203 
must be reduced » and the percent reduction to FeO must be 
Increased. This results in a glass comprising: 

A) from about 65 to about 75 weight percent SIO2; 

B) from about 10 to about IS weight percent Na20; 

35 
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C> £xom 0 to About 4 weight percent 

J)) from about 1 to about 5 weight percent MgO; 

E) froa about. 5 to about 15 valght percent CaO; 

F) fron 0 to about 3 weight percent AX2O3; 

5 C) from about 0*5 (.48) to about 0.9 (.92) weight 

percent Fe203: 

H) from about 0^15 to about 0.33 weight |>ercent FeO; 

I) from about 0,1 to about 1«36 weight percent Ce02; and 
J) from about 0.02 to about 0*85 weight percent Ti02. 

10 

It shall be noted that« at low quantitlee of Ti02 
Inclusion^ each weight percent of TIO2 must replace two 
weight percent of Ce02 to maintain the glass properties 
described hereinabove. As the level of TIO2 Increasea, 
15 however, the effect of Ti02 addition leseena slightly. For 
example p a compoaitlon Initially containing t.O velght 
percent Ce02 and no added Ti02 will require about .3 weight 

m 

percent TIO2 to replace about .5 weight percent Ce02 and 
still maintain glass proper tlea (thus at higher quantities of 
20 TIO2 substitution, each weight percent Ti02 will replace 
about 1.5 weight percent Ce02> . Preferably, the glass 
composition employing titanium dioxide consists essentially 
of: 

A) from about 70 to about 73 weight percent Si02t 
25 B) from about 12 to about 14 weight percent Na20; 

C) from 0 to about 1 weight percent K2O; 

D) from about 3 to about 4 weight percent MgO; 

E) from about 6 to about 10 weight percent CaO; 

F) from 0 to about 2 weight percent AI2O3; 

30 0) from about 0.5 (-48) to about 0.9 (^92) weight 

percent Fe203; 

U) from about 0.15 to about 0.33 weight percent PeO; 

I) from about 0,1 to about 1.36 weight percent Ce02; and 

J) from about 0,02 to about 0.85 weight percent Ti02. 

35 
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Silica formfi the glass matrix. Sodiuts oxide » potassium 
oxide, magnesium oxide p and calcium oxide act as fluxes to 
reduce the melting temperature of the glass. Alumina 
regulates the viscosity of the glass, and prevents 
5 divitrif ication. horeover, the magnesium oxide ^ calcium 

oxide, and alumina act together to improve the durability of 
the glass. Salt cake or gypsum acts as a refining agent^ 
while carbon is a known reducing agent. 

Iron is added» typically as FC2O3 r and is partially 
reduced to FeO. The total amount of iron in the batch is 
critical, and must equal from 0.7% to about 1.25% by weight, 
expressed as Fe203 . Likewise, the degree of reduction is 
critical and must equal between 23% and 29%. The . 
aforementioned critical ranges, for total iron and the degree 
of reduction from ferric to ferrous iron, result in 
concentrations from about 0.51 to about 0,96 weight percent 
Fe203 and from about 0.15 to about 0.33 weight percent FeO in 
the glass. If the iron is more highly reduced than the 
critical amount, the glass will become too dark and the 
liluminant A visible light transmittance will drop below 70%. 
Additionally, the glass batch melting process will become 
increasingly difficult as the Inoreased amount of FeO 
prevents the penetration of heat to the interior of the melt. 
If the iron Is less reduced than the critical amount, or if a 
lower total amount of iron is employed, then the total solar 
energy transmittance for a desired thickness glass can rise 
above about 46%. Finally, if an amount of total iron higher 
than the critical amount is used, less beat will be able to 
penetrate the interior of the melt, and the batch melting 
process will beoome increasingly more difficult. , Clearly, 
the high total iron concentration, and low reduction to FeO, 
are critical to the performance of the glass, and contrary to 
the teachings of that prior art directed to glass 
compositions having a high visible light transmittance and 
35 low infrared energy and ultraviolet radiation trausmittances. 
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Moreover, the eoncentratilon o£ che eerie o3c£de 
ultraviolet radiation absorber, in concert with the iron, ia 
critical to the balance of transmlttatxce properties. The 
eerie oxide must be present at a concentration froffl about 
5 0.2% to about 1,4ft by weight. A higher concentration of 
eerie oxide would absorb more radiation in the 400 to 450 
nanometers wavelength range, causing the color of the glass 
to change from green to jellov-green. A lower concentration 
of eerie oxide would cause the ultraviolet radiation 
10 transqittanee to rise above about 38%. A eoittbinatlon of from 
about 0.1 to about 1.36 weight percent Ce02 and from about 
0,02 to about O.fiS weight percent TIO2 nay be substituted for 
the aforementioned amount of from about 0.2 to about 1.4 
weight percent of eerie oxide alone. The combination of 
15 eerie oxide and titanium dioxide have the sama operability 
and utility as the greater required amount of eerie oxide 
alone» and deviations above or below the acated maximums and 
minimuns for these ingredients will detrimentally affect the 
absorbence and color properties of the glass as recited 
20 hereinabove for eerie oxide alone. 

As can be seen, the synergistic effect, of the critical 
concentration limica for the iron and eerie oxide, and the 
critical limitation for the degree of reduction of Fe203 to 
FeO, ia to produce a green glass composition having an 
25 Illumlnant A visible light cransmlttance greater than 70%. a 
total aolar energy transmittance less than about 46%, and an 
ultraviolet radiation transmittance of less than about 38%, 
preferably leas than about 34% « 

Moreover, the green glass of the present invention is 
characterised by an Illumlnant C dominant wavelength from 
about 498 to about 525 nanometers, and displays a color 
purity from about 2% to about 4%, The purity of an 
automotive vision glasing Is an important parameter » and 
should be- maintained at as low a level as practicable. Blue 
glass, by comparison, has a purity of up to about 10%, and 
therefore is lees desirable as an automotive vision glazing. 
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As hereinbefore Indicated , the invention particularly 
contemplates and concerns glazings of glass thicknesses in 
the range of 3 mm to 5 mm. Examples of soda- lime^silica 
compositions In accordance vith the invention at specific 
thicknesses in this range are set forth below. All of these 
glasses have Illuminant A visible light transmlttances equal 
to or greater than 70%, a total solar energy transmittance 
less than about 46%, and an ultraviolet radiation 
transmittance less than about 369, 



Total Weight 

15 Fe203 
FaO 

Ce02 

% Reduction 



.71 to .95 
.26 to ,32 
O.S to 1.4 
23 to 29 



.54 to .65 

.18 to .22 

.55 to 1.2 

23 to 29 



.31 to .59 
.14 to .17 
0.2 to 0.7 
23 to 29 



20 



Total Weight 
% in ClAsg 



Fe203 
25 PeO 



Ce02 
Tt02 

« Reduction 



0.68 to 0.92 
0.26 to 0.32 
.5 to 1.2 
.02 to .85 
23 to 29 



.51 
.18 

,3 
.02 

23 



to 
to 
to 
to 
to 



.62 
.22 
.75 
.45 
29 



.48 
.14 
1 

.02 
23 



to 
to 



to 

CO 



.56 

.17 

.4 

.3 

29 
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ExamnlftB 

Typical soda-lime-silica glass batch ingredients were 
mixed, together with rouge » a cerium compound, a carbonacei 
reducing agent, and optionally a titanium compound, and 
melted to produce 4 mm thick test samples in accordance with 
the invention. The resultant glass samples are charaoterised 
as follows: 



40 



PAGE 35/91 ' RCVD AT 911/2006 3:55:39 PM (Eastern Daylight Time] * SVR:USPT0'EF)(RF-5/11 * DNIS:273830D * CSID:61245508Q1 ' DURATION (min-ss):15-26 



e9/01/20e& 14:41 612-455-3801 



HSML, P.C. 



PAGE 3&/91 



W091/D7356 



PC7/US9ill/06887 



14 

Table III 







Glass FrooertlAfi 


at 4 una 






e 


Total Xron« as 








Rx.. 4 


Ex. 




Pe203 (%) 


782 


789 


.783 


.788 


.788 




Reduction of Iron 












ID 


to FeO (%) 


25.1 


25.7 


26.2 


27.3 


27. S 




F©203(%) 




.586 


.578 


.573 


.571 


15 


Van 


.177 


.182 


• 185 


. 194 


. 195 




Ce02 (%) 


.913 


. 909 


.915 


.914 

-w 


.9i3 




T102 (%) 


ti 


D 


0 


0 


Q 


20 


Illumlnanc A (%) 




■ 










Transmlttance 


72.8 


72.3 


72,2 


71.2 


71.5 




Total Solar Tran6- 












25 


mltt&nce (%) 
UV Transmit - 


45.9 


45.1 


44.8 


43.9 


43.7 




tanee (%) 


33,0 


33.2 


33.3 


33«5 


33.5 




Dominant Wave- 












30 


length (nm) 


512.8 


509.2 


508.2 


505.2 


504.5 




Color Purity (%) 


2.4 


2.4 


2.5 


2.8 

• 


2.9 
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Table III (eont,) 











4 mm 






5 




• 

Bx. 6 




Ex- a 

• 


Ex- 9 




Ex, 11 


10 


Total Zroiit as 
FeaOj <%) 


.784 


-7fl 


.78 


.84 


.81 


.833 


R-aducclon of Iron 
to FeO (%) 


27.7 


27.4 


27.0 


25,8 


26.7 


26.5 


15 




,567 


,566 


.569 


.623 


.594 


.612 




FeO (%} 


.195 


.192 


.190 


.195 


.195 


.199 




C«02 (%) 


.911 


.6 


.6 


.91 


.56 


.915 


20 


Ti02 (*) 


0 


.2 

• 


.2 


0 


.25 


.021 



Iliumlnanc A (%) 

IranflBtttance 71.6 70.4 70.2 71.5 71.7 71.3 

25 Total Sol&r Trans - 

nletanea (») 43.6 42.9 43.1 43.7 ' 43.8 43.5 

177 Tranamic- 

eanee <%) 33.5 30,7 30.1 33.2 is.l 33.4 
D om In ant: Vava - 

length (nm) 504.6 507.9 507.6 506.5 514.1 505. B 

Coloi: Purity (%) 2.9 2.8 2.9 2.6- ' 2.5 2.8 
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Table III (cent.) 



10 
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Glas s 










Ex. 12 Ex. 13 


Ex- 14 


Ex. IS 




Total Iron, as 
Fe203 (%) 


.813 


.84 


.74 


-74 


• 85 


Reduction of Iron 
to P&O (*) 


26.7 


23.0 


24.8 


28.8 


16.4 


Fe203(%) 


• 596 


. 647 


,556 


.527 


.711 


FeO (%) 


,195 


.174 


.165 


.192 


.125 


Ce02 («) 


.563 


.498 


.5 


.5 


.7 


TIO2 (%) 


.253 


.25 


0 


0 


0 


Illunlnattt: A <%) 
Transolttance 


71.7 


71-0 


74.2 


72 


74, 9 


Total Solar Trane- 
mltcance (%) 


43.8 


45.0 


47.8 


• 44.3 


51.2 


UV Tran&mlt* 
tanca (%) 


33.1 


33,3 


39.4 


40.1 


28.9 


Dominant Vave- 
lengch (nm) 


514.1 


519,0 


498.6 


495.7 


550.8 


Color Purity (%) 


2.5 


2.4 


3.3 

• 


• 

4.4 


4.1 


The complete 


compositions of the 


glasses 


of £X5. 


11 and 



40 



45 



50 



12 are as follovs: 



SIO2 

Na20 

CaO 

HgO 

Fe203 

T£02 

A1203 

SO3 

K2O 

Cr203 

Oe02 
1**203 



fix. 11 

71.58 ' 
13.75 
8.42 
4,14 
.833 
.021 
.12 
.13 
0 

.0002 

.915 

.008 



71,64 

13.97 
8.38 
3,97 
.813 
.253 
.16 
.14 
.02 
,0003 
.563 
.006 
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Predicttvft Exampla? 







g . 17 


Ex. 18 


Ex- 19 


Ex. 20 


Ex . 21 




5 


Total Iron, 
as Fe203 (%) 


.76 


.74 


.74 


• 86 


.86 


8fl 


10 


Reduotlon of Iron 
ZC FaO (%) 23 


24 


23 


25 


27 




Fe203 (%) 


.585 


.562 


-570 


.645 


.628 


.651 




PeO (%) 


.157 


.160 


.153 


.194 


.209 


.205 


15 


Ce02 (%) 


.2 


.3 


.4 


.5 


.6 


.7 




T102 (%) 


0 


0 


0 


0 


0 


0 


20 


IllumlnaxLC A (%} 
TransmltCAuce 


70.6 


70.6 


71.2 


71.1 


70.0 


70.1 




total Solar Trans 
mittanoe (%) 


42.4 


42.5 


43.3 


42-7 


41.2 


41.1 


25 


UV Transmit - 
tance (%> 


35.2 


35.3 


34.1 


• 

34.4 


35.1 


32.0 




Thickness (mm) 


5 


3 


5 


4 


4 


4 
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An automotive windshield In accordance wi€h the 
invention, comprising two sheers of a green glass 
composition, namely, 71.73% SIO2. 13.78* Ma20, 8.64% CaO, 
4.00% MgO, .776% total iron expressed as Fe203 (which is 
24-3% reduced to PaO). trace (.017%) Ti02» .12% AI2O3, .14% 
SO3. .0003% Cr203. .89% Ce02. and .009% La203, each sheet 
having a nominal thickness of 2.2 mm, with an interposed 
polyvinyl hutyral interlayer of nominal .030 inch thickness, 
has the following properties: Illuminate A transaittanee 
- 71.4 %, total solar tranamittance -» 43.0 %, UV tranfimit- 
tance - 16.3 %, dominant wavelength - 518.6 nm, and color 
purity 2,5 %. 
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A slmll&r aucomoclv-^ windshield In accordance with the 
Invention, consisting of two sheets o£ a green glass 
Odmpofitlon including ,834% total Iron expressad as Fe203 
(which is 26*8% reduced to FeO), trace (.016%> Xi02 , and 
5 .913% Ce02i each $heat having a nominal thickness of 1«8 mm, 
with an interposed polyvinyl hutyral interlayer of nominal 
•030 thlokness, has the following properties: llluntlnate A 
transmittanca - 72,2%, total solar transmittance - 44.1%, UV 
transmittance — 17.1%, dominant wavelength - 511 nm. and 
10 color purity — 2,4%. 
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WHAT IS CLAIMED IS: 

1. A green- colored, infrared energy And ulcreviolet 
radiation absorbing soda-lime-silica glass including as 
essential ingredients from 0.51 to about 0.96 weight percent 

5 FejOa, from about 0.15 to about 0*33 weight percent FeO, and 
from about 0.2 tg about 1.4 veight percent Ce02 . 

2. A green-colored glass as defined in clalu 1, wherein 
said weight percent FeO represents a percent reduction of 
total iron, expressed as Fe203. of 23% to 29%. 

3. A green-colored glasp as defined in claim 1, wherein 
the Illuminant C dominant wavelength is from about 498 to 525 
nanometers, and the color purity is from about 2% to about 

15 4%. 
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4. A green-colored glass as defined In claim 3, wherein 
said glass at a thickness in the range of from about 3 mm to 
about 5 mm has an Illuminant A visible light transmittance 
greater than 70%, a total solar energy transmittance less 
than about 46%. and an ultraviolet radiation transmittance 
less than about 38%. 

■ 

5. A green-colored glass as defined in claim 4, wherein 
the Illuminant C dominant wavelength Is from about 496 to 
about 518 nanometers, the color purity is from about 2% to 
about 3%. the total solar energy transmittance is less than 
about 45%, and the ultraviolet radiation transmittance is not 
greater than about 34%, 

6. A green- colored. Infrared energy and ultraviolet 
radiation absorbing soda^lime-sllica glass including as 
essential ingredients from .48 to about .92 weight percent 
Fe203, from about 0,15 to about 0.33 weight percent FeO. 
from about O.l to about 1.36 weight percent CeOa. and from 
about 0.02 to abouc 0.85 weight percent TIO2 . 
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7. A green-colored glass according to claim 6, wheraln 
t:hQ Illumlnant C dominant wavelengch is from about 49 g to 525 
nanometerjSi and tho color purity ifi from about 2% to about 
4%. 



6-. A green- colored glass as defined in claim 7« wherein 
said glass at a thickness in the range of from about 3 mm to 
about 5 mm has aa Illumlnant A visible light transmittance 
greater than 70%, a rotal solar energy transmlttance leas 
10 Chan about 46%, and an ultraviolet radiation transmlttance 
less than about 38% » 

9, A green-colored glass as defined In claim 8, wherein 
the Illumlnant C dominant wavelength is from about 498 to 
15 about 518 nanometers , the color purity is from about 2ft to 
about 3%, the total solar energy transmlttance is less than 
about 45ft, and the ultraviolet radiation transmlttance is not 
greater than about 34ft, 



20 
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10. A green-colored^ infrared energy and ultraviolet 
radiation absorbing soda-lime-silioa glas9 including as 
essential Ingredients from about 0.54 to about^ 0.65 weight 
percent Fe203 . from about 0^18 to about 0.22 weight percent 
FeO, and from about 0.55 to about 1.2 weight percent Ce02, 
said glass at a nominal thickness of 4 mm having an 
Illumlnant A visible light transmlttance greater than 70%. a 
total solar energy transmlttance less than about 46%, and an 
ultraviolet radiation transmlttance less than about 36%. 

11, A green-colored soda-llme^sillca glass as defined in 
claim 10, wherein the Illumlnant C dominant wavolength la 
from about 498 to about 518 nanometers, the color purity Is 
from about 2% to about 3ft, and the ultravlolat radiation 
transmlttance is not greater than about 34ft. 



35 



PAGE 42/91 ' RCVD AT 9/112006 3:55:39 PM [Eastern Daylight Time] ' SVR:USPT0-EF}(RF-5/1 1 * DNiS:2738300 ' CSID:612455-3801 * DURATION (min-ss):1S-26 



09/81/2086 14:41 612-455-3881 



HSML. P.C 



PAGE 43/91 



10 



WOW/07356 

PCr/US90/0«87 

21 

12. A green-colored, infrared energj and ultraviolet 
radiation absorbing soda- llme-sillca glass including as 
eaaential tngredlants from about 0,71 to about 0.-95 weight 
percent PB2O3. from about 0.26 to about 0,32 weight percent 
5 PeO, and from about 0.8 to about 1,4 weight percent Ce02 , 
said glass at a nominal thickness of 3 am having an 
Illuminant A visible light transiaittance greater than 70%, a 
total solar energr transmlttance less than about 46%. and an 
ultraviolet radiation tranamittance less than about 36%. 



20 



13. A green-colored soda-llme-silica glass as defined 
in claim 12, wherein the llluminant C dominant wavelength Is 
from about 498 to about 518 nanometers, the color purity is 
from about 2% to about 3%, and the ultraviolet radiation 

15 transmictanea is not greater than about 34%. 

14. A green-colored, infrared energy and ultraviolet 
radiation absorbing soda-lime-silica glass including as 
essential ingredients from about 0.51 to about 0.S9 weight 
percent PegOa, from about 0.14 to about 0.17 weight percent 
FeO, and from about 0.2 to about 0.7 weight percent Ce02 . 
said glass at a nominal thickness of 5 mm having an 
llluminant A visible light tranamittance greater than 70%. a 
total solar energy tranamittance less than about 46%, and an 

25 ultraviolet radiation tranamittance leas than about 3fi%. 

15- A green-colored soda-lime-silica glass as defined 
in claim 14. wherein the llluminant C dominant wavelength is 
from about 498 to about 518 nanometers, the color purity is 
30 from about 2% to about 3%. and the ultraviolet radiation 
tranamittance is not greater than about 34%. 
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16. A grdftn-colored, Infrared ©nergy a.nd ultraviolet: 
radiation abaorbiag ^lass composition, coaprising: 

A) from about 65 to about 75 valgbt parcent Si02; 

B) from about 10 to about 15 veight percent Na20; 
5 C) from 0 to about 4% weight percent K2O; 

D) from about 1 to about 5 weight percent MgO; 

E) from about 5 to about 15 weight percent CaO; 

F) fron 0 to about 3 velght percent A1203 ; 

6) from about 0,53 to about 0.96 velght percent 
10 Fe203; 

H) from about 0.15 to about 0.33 weight percent FeO; 

and 

I) from about 0,2 to about 1,4 velght percent Ca02- 

17, A green-colored glass composttlon aa defined in 
claim 16 > wherein at tlkicknesaee in the range of 3 mm to 5 mm 
the Illumlnant A vialbla light transmittanee ia greater than 
70ft. the total solar energy transmittanee is less than about 
46%, the ultraviolet radiation transmittanee is lesa than 
20 about 38% r the Illumlnant G dominant wavelength is from about 
498 to about 525 nanometers » and the color purity la from 
about 2% to ahout 4%. 



25 
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18. A green- colored. Infrared energy and ultraviolet 
radiation absorbing glass composition, consisting essentially 
of: 

A) from about 70 to about 73 weight percent SIO2; 

B) from about 12 to about 14 weight percent Ka20; 

C) from 0 to about 1 weight percent K2O; 

D) from about 3 to about 4 weight percent KgO; 

E) from about 6 to about 10 weight percent CaO; 

F) from 0 to about 2 weight percent AI2O3; 

G) from about 0.33 to about 0.96 weight percent 
Fe203: 
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H) from about: 0.15 to about 0.33 weight parcent FaO; 

I) frow about 0,2 to about 1.4 waight percent Ce02. 

5 19. A green-* colored glass compoaltlon as defined in 

claim 18, vhareia at chlcknaasea in the range of 3 nm to 5 mm 
the tlluminant A visible light transmittance is greater than 
70%. the total solar energy cransnittanea is less than about 
46ft. Che ultraviolet radiation transmittance Is less than 
about 38%. the Illunlnant C dominant wavelength la from about 
49fi to about 525 nanometers, and the color purity la from 
about 2% to about 4%. 



10 



15 



20 



4 

20. A green-'Colorad, InfratBd energjr and ultraviolet: 
radiacion absorbing soda-lime-siHea glass including as 
assentlal ingradiencs from about .51 to about .62 velght 
parcenc FejOj, fron about .18 to about .22 weight percent 
FeD, from about .3 to about .75 weight percent Ce02 . and 
about .02 to about .45 weight percent IIO2, said glass at a 
nominal thickness of 4 nu having an Illunlnant A visible 
light transmittance greater than 70%. a total solar energy 
trananittance less Chan about 46%, and an ultraviolet 
radiation transmittance less than about 36%. 

B 

2S 21. A green>oolorad soda-line-slllca glass as defined 

in oleim 20. wherein the Illuminant C dominant wavelength is 
from about 498 to about Sl8 nanometers, the color purity is 
from about 2% to about 3%, and the ultraviolet radiation 
transmittance is not greater than about 34%. 

30 
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22. A green- colored, infrared energy and ultrrairlolec 
radiation absorbing i^oda- llaie-ailica glasfi including as 
essential ingradients from abouft »48 Co about .56 weight: % 
Fe203p from about .14 to about .17 veight percent TeO, from 
5 about .1 to about ,4 weight pereant Ce02i and about ,02 to 
about .35 weight percent Ti02, said glaas at a nominal 
thickness of 5 mm having an Illuminant A visible light 
transmlttance greater than 70% , a total aolar energy 
transmittance las« than about 46% » and an ultraviolet 
10 radiation transmittance less than about 36%. 

23. A green-colored soda^lime-^silica glass as defined 
in claim 22, wherein the Illuminant C dominant wavelength is 
from about 498 to about 51fi nanometers, the color purity is 

15 from about 2% to about 3%, and the ultraviolet radiation 
transmittance is not greater than about 34%. 

■ 
■ 

24. A green-colored, infrared energy and ultraviolet 
radiation absorbing soda- lime ->slliea glass Including as 

20 essential ingredients from about .68 to about .92 weight 
percent Fe203. from about .26 to about .32 weight percent 
PeO, from about .5 to about 1.2 weight percent ;Ge02t and 
about ,02 to about .85 weight percent Ti02, said glass at a 
nominal thickness of 3 mm having an Illuminant A visible 

25 light transmittance greater than 70%. a total solar energy 
transmittance less than about 46%, and an ultraviolet 
radiation transmittance less than about 36%. 



30 



25. A green^colored soda-lime*sillca glass as defined 
in claim 24, wherein the Illuminant C dominant wavelength is 
from about 498 to about 518 nanometers » the color purity is 
from about 2% to about 3%» and the ultraviolet radiation 
transmittance Is not greater than about 34%. 



i 
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26. A grfidn-eoloxed. infrared energy and ultraviolet 
radiation absorbing glass oonposltion, comprising: 

A) from about £5 to about 75 weight percent Si02: 

B) from about 10 to about 15 veight percent SazO', 
5 C) from 0 to about A» weight percent K2O; 

J)) from about 1 to about 5 weight percent KgO; 

E) from about 5 to about 15 weight percent GaO; 

F) from 0 to about 3 weight percent AI2O3; 

G) from about 0.5 to about 0.9 weight percent Fe203; 

H) from about 0.15 to about 0,33 weight percent PeO; 

I) froa about O.l to" about 1.36 weight percent Ce02 ; 

and 

J) from about 0.02 to about 0.85 weight percent TiOj. 

27. A green-colored glass coKposltion as defined in 
claim 26. wherein at thicknesses in the range of 3 mm to 5 mm 
the Illuminant A visible light tmnsmictance is greater than 
70%. the total solar energy transmittance is less than about 
46%, the ultraviolet radiation trnnsatttance is leas than 
about 38%, the Illuminant C dominant wavelength is from about 
498 to about 525 nanometers, and the color purity is from 
about 2% to about 4%. 

28. A green-colored, infrared energy and ultraviolet 

radiation absorbing glass composition, consisting essentially 
of: 

A) from about 70 to about 73 weight percent Si02; 

B) from about 12 to about 14 weight percent NaaO; 

C) from 0 to about 1 weight percent K2O; 

D) from about 3 to about 4 weight percent MgO; 

E) from about 6 to about 10 weight percent CaO; 
P) from 0 to about 2 weight percent AI2O3; 

G) from about 0.5 to about 0.9 weight percent Pe203; 

H) froa about 0.15 to about 0.33 weight percent FeO; 
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1} from about 0.1 1:0 about 1.36 voight peroent Ce02; 

and 

J) £rom about: 0.02 to about 0.85 waigbt percant Ti02 . 

5 29. A graan-cplored glaas composition as defined In 

claim vheraln at tliiakTidfiaes in tha range of 3 mm to 5 mm 

the Illumlnant A visible ligbt transmittanca is greatar than 
70%, tha total solar energy transmittanca is lass than about 
46%. tha ultraviolet radiation transmittance la less than 
10 about 38%* the XlXuminant G dominant vavelengtli is from about 
49 8 to about 525 nanometers » and the color purity is from 
about 2% to about 4%. 

30. An automotive glazing, comprising a graan- colored 

15 soda-lime-sllloa glass containing a high total iron 

conoantration, eerie oxide, and optionally titanium dioxide » 

said glazing at a thickness in the range of 3 mm to 5 mm 

having an Illuminant A visible light transmittance greater 

than 70% J a total solar energy transmittance less than about 

20 46% p and an ultraviolet radiation transmittance less than 
about 38%. 

31* An automotive glazing as defined in claim 30, 
having a nominal thickness of 3 mm, an ultraviolet radiation 
transmittance lass than about 36%, an Illumlnant C dominant 
vavelength from about 498 to about 518 nanometers, and a 
color purity fxon aboue 2« «o 3*. 



2S 
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32. An aucoBOtlvA glazing as definatf in claim 31, 
having an ultraviolat radiation transmlctanee not graater 

tb.an about 34%. 
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33. An automotive glazing as defined In claim 30. 
havlog a nominal thickness of 4 mm, an ultraviolet radiatlo 
tranamlttance less than about 36%, an lllumtnant C dominant 
wavelength from about 498 to about 518 nanometers, and a 

5 color purity from about 2% to 3%. 

34. An automotive glazing as defined in claim 30, 

haying a nominal thickness of 5 mm. an ultraviolet radiation 

tranamlttanoe lass than about 36%, an Illuminant C dominant 

10 wavelength from about 498 to about 518 nanometers, and a 
color purity from about 2» to 3%. 

35. The automotive glazing according to claim 30, 
wherein said glass is a teaperad or heat atzftngthened float 

15 glass sheet. 

36. An automotive glazing unit, eomprlaing two sheets 
of a green- colored, infrared energy and ultraviolet radiation 
absorbing soda-llme-s ilica glass Integrally adhered together 
through an interposed layer of transparent resinous material, 
said glass including as essential ingredients from 0.53 to 
about 0,96 weight percent Fe203 . from about 0.15 to about 
0.33 weight percent PeO, and from about 0.2 to about 1.4 
weight percent CeOa, said glaring unit having an lHuminate A 
visible light transmittance greater than 70%. a total solar 
energy transmittance less than about 46%. and an ultraviolet 
radiation transmittance less than about 38%. 

37. An automotive glazing unit according to claim 36, 
wherein each of said glass sheets has a thickness In the 
range of from about 1.7 mm to 2.5 mm. 



25 
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38. An automotive glazing unit according to claim 37, 
wherein said transparent resinous material is polyvinyl 
35 butyral. 
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39. An automotive glazing unit according to claim 38, 
wherein 9utd polyvinyl butyraL layer is about 0.30 inch in 
thickness . 

S 40. An automotii^e glazing unit according to claim 39, 

vherain the Xlluminant C dominant wavelength of the unit is 
from about 498 to 330 nanometers, and the color purity la 
from about 2% to about 4%, 



10 
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41, An automotive gla&ing unit, comprising two sheets 
of a green-colored, infrared energy and ultraviolet radiation 
absorbing soda- lime-silica glass integrally adhered together 
through an interposed leyer of transparent resinous material, 
said glass including as essential ingredients from about 0.5 
to about 0.9 weight percent Fe203, from about 0.15 to about 
0.33 weight percent FeO. from about 0.1 to about 1.36 weight 
percent Ce02, end from about 0.02 to about 0.85 weight 
percent Ti02. said glazing unit having an Illttminant A 
visible light transmittance greeter than 70ft, a total solar 
energy transmittance less than about 46%, and an ultraviolet 
radiation transmittance less than about 38%. 



42. An automotive glazing unit according to claim 41, 
wherein each of said glass sheets has a thickness in the 
25 range of from about 1.7 mm to 2.5 



30 



43, An automotive glazing unit according to claim 42, 
wherein said transparent resinous material is polyvinyl 
butyral. 

44. An automotive glazing unit according to claim 43, 
wherein said polyvinyl butyral layer is about 0.30 inch in 
thickness . 
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Ari automotive glazing unit according to claim 44, 
wherein the llluminant C dominant wavelength of the unit Is 
from about 498 to 530 nanometers » and the color purity la 
from about 2% to about 4%. 

5 
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